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ABSTRACT 

The land cover requirements of the Soil Conservation 
Service (SCS) Model used for hydrograph synthesis in urban 
areas were modified to be Lands at compatible. The Curve 
Numbers obtained with these alternate land cover categories 
compare well with those obtained in published example prob- 
lems using the conventional categories . Emergency spillway 
hydrographs and synthetic flood frequency flows computed 
for a 21. 1 sq. mi. test area showed excellent agreement be- 
tween the conventional aerial photo -based and the Lands at- 
based SCS approaches. 
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HYDROGRAPH SYNTHESIS USING 
LANDSAT REMOTE SENSING AND THE SOS MODELS 

I. INTRODUCTION 

Traditionally the planning and design of Urban Drainage Systems focused on 
the simple objective of moving runoff from an area as quickly and with as little 
cost as possible. Today, socio-economic and environmental considerations re- 
quire that planning and design be conducted within the framework of an overall 
stormwater management system. Consideration must be given to the protection 
of downstream land uses through such innovations as on-site detentjon storage, 
adjusting the timing of runoff through channel modification, and provisions for 
minimizing changes in water quality. These more sophisticated design and plan- 
ning requirements have led to the development of a number of computer-based 
mathematical models intended to simulate both the quantity and quality of runoff 
from urban areas. These models vary in their structure and some are consid- 
ered primarily as planning tools while others are much more detailed and intended 
for design purposes. Regardless of the particular structure of the models, most 
require land cover information to define the hydrologic parameters needed as 
inputs . 

The advantage of a model having parameters defined in terms of land cover 
is that it allows experimentation with alternate forms of development and the 
assessment of future changes that might occur. The basic approach is to cali- 
brate a model to reflect the hydrologic regime produced by the existing land 
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cover and drainage system. Once the planner is satisfied that the model ade- 
quately represents his existing system, he is then able to evaluate the impact of 
land cover changes and alternate water management projects. Used in this man- 
ner, the hydrologic model becomes an important tool in water resources planning. 

Unfortunately, collection of the necessary land cover information and its 
translation into hydrologic parameters is rather difficult, especially when a 
large watershed is involved. It is not uncomxnon for a model to have a reduced 
utility because it was not possible to define the land use distributions within the 
available time and funding constraints. Trade-offs between accuracy of the model 
parameters and the time or money available for their determination must be made. 
Because of the necessity of such trade-offs, a study was conducted to investigate 
the use of computer aided analysis of Landsat multispectral data for estimating 
the land cover distributions needed for the operation of a model that is represen- 
tative of those in current practice. The model selected was that developed 
by the Soil Conservation Service (SCS) of the United States Department of Agri- 
culture^’ 3 . The land covers emphasized were those needed for models being 
used in suburban areas adjacent to metropolitan centers. 

The following sections attempt to meet several objectives. Section II pro- 
vides the reader with an overview of the SCS Model requirements. Section HI 
discusses the limitations of Landsat relative to the conventional model require- 
ments and presents an alternate land cover that can be defined through computer 
aided analysis of the Landsat Multispectral scanner (MSS) computer compatible 
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tapes (CCT). The impact of using Landsat-compatible lan(( cover as an alter- 
native to the more detailed conventional requirements of the SCS Model are ex- 
amined in Section IV through comparisons with the example problems presented 
in SCS-TR-55^ . 

A step by step example problem illustrating the use of the Landsat compatible 
land cover is presented in Section V. Section V centers on the computation of an 
emergency spillway hydrograph for an SCS Class b structure that would be placed 
at the lower end of the 21. 1 square mile Northwest Branch Watershed in the 
Maryland suburbs of Washington, D. C. The Lands at -based hydrograph is then 
compared with that computed with the more detailed traditional input data ob- 
tained from color infrared aerial photography and digitized soil maps. 

Section VI compares the synthetic flood frequency series for the Northwest 
Branch obtained by three different approaches with the SCS Models. The rela- 
tively simple hand computation version of the SCS Model described in Chapter 21 
of SCS-NEH-4^ was used to generate peak discharges using, first, Landsat com- 
patible, and then, traditional air-photo based inputs. These peak discharges 
were then compared with those produced by the SCS-TR-20^ . The "TR-20'' is 
an extensive computer package that broke the watershed into 109 sub-areas and 
routed the flows through 120 channel cross-sections that had been surveyed and 
entered as input to the model. 
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II. OVEKVIEW OF THE SCS MODEL 


There are a number of versions of the SCS model described in (1, 2, and 3). 
All versions require land cover and soil descriptions, but the sub-models used 
to compute the discharges range from quite simple to very complex. The approach 
emphasized in the present study is that recommended for use in the computation 
of emergency spillway hydrographs in Chapter 21 of SCS-NEH-4^ . The textbook 
by Viessman, Harbaugh, and Knapp'^ has an excellent description of this version 
of the SCS Models. For a more comprehensive discussion of the SCS approach 
than that presented in this section, the reader is referred to the above citations. 

The SCS Models compute direct runoff through the use of a set of curves, or 
their formulations in computer based versions, that were developed from field 
studies that measured runoff for numerous soil -land cover complexes. These 
curves define a Curve Number , CN, that is a function of land cover and soil type. 
Table I, reproduced from (1), illustrates the approach used in selecting the 
Curve Number. 

The four hydrologic soil types are classified in accordance with the following 
criteria; 

A. (Low nmoff potential) Soils having high infiltration rates even when 
thoroughly wetted and consisting chiefly of deep, well to excessively 
drained sands or gravels. They have a high rate of water transmission. 

B. Soils having moderate infiltration rates when thoroughly wetted and con- 
sisting chiefly of moderately deep to deep, moderately well to well 
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drained soils with moderately fine to moderately coarse textures. They 
have a moderate rate of water transmission. 

C. Soils having slow infiltration rates when thoi’oughly wetted and consisting 
chiefly of soils with a layer that impedes downward movement of water, 
or soils with moderately fine to fine texture. 

D. (High runoff potential) Soils having very slow infiltration rates when 
thoroughly wetted and consisting chiefly of clay soils with a high swelling 
potential, soils with a permanent high water table, soils with a claypan 
or clay layer at or near the surface, and shallow soils over nearly 
impervious material. They have a very slow rate of water transmission. 

County Soil Surveys define the distribution of the soils by name. Once the 
name of the soil is known, the hydrologic classification can be obtained from 
tables in the SCS-NEH-4- , or those reproduced in Chow^ . Table II illustrates 
one page of these tabulations. 

Once the Curve Number has been selected, Figure 1 (Fig. 10.1 of Ref. 2) is 
used to compute the direct runoff from the rainfall. As will be subsequently il- 
lustrated by examples in Section V, a series of equations, figures, and tables 
are then used to compute the hydrograph. 

There were several reasons for selecting the SCS Model for detailed study. 
First, it is a hydrologic as opposed to a hydraulic model. In a hydrologic model, 
the runoff is estimated through quite simple equations that 'lump" the water- 
shed processes through coefficients based on average land use or other basin 
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characteristics. A hydraulic model, on the other hand, requires detailed defi- 
nition of such factors as length oil overland flow, channel cross-sections, rough- 
ness coefficients, and structure of the linkages of the flow systems. These 
details are necessary because the h 5 ''draulic model estimates runoff by simulating 
the individual watershed processes through a series of physically-based mathe- 
matical sub-models. A previous study ^ indicated that land covers could be de- 
fined from Landsat with the resolution required for the hydrologic, but not the 
hydraulic models. 

A second reason for selecting the SCS Model rests in its wide use. Many of 
the watershed development projects in urban areas use funds available through 
PL-566, the Watershed Protection and Flood Px’otection Act of 1954. When PL- 
566 funds are involved, the SCS monitors the design of the flood control facilities 
and requires the use of some form of the SCS Model to determine flows and stages. 

Finally, the SCS Model is typical of the coefficient based hydrologic models. 
For example, it is similar to the recently developed STORM^ which will be used 
by the U. S. Army Corps of Engineers in its Urban Studies Program® in that a 
runoff coefficient is defined based on land use. The two models are dissimilar 
in that STORM is a continuous streamflow generator while the SCS model is a 
single event model. Still, any successes experienced in modifying the SCS pack- 
age to use Landsat data can be applied to STORM or other models. 
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III. MODIFICATION FOR LANDSAT COMPATIBILITY 


The Landsat multispectral scanner (MSS) does not have the resolution re- 
quired to consistently classify the land uses listed in Table I. Therefore, it is 
necessary to develop an alternate series of land use categories that can be identi- 
fied with Landsat and still yield Curve Numbers that are in reasonable agree- 
ment with those of Table I. First, it must be recognized that the Curve Numbers 
presented by SCS are not precise coefficients. Rather, they represent "best fits" 
to the small watershed rainfall -runoff data upon which the model is based. Figure 
2, (Figure 10. 2 of Ref. 2) is a plot of the field data used to develop the Curve 
Numbers. The term, la > is the initial abstraction from the rainfall and S is the 
sum. of la and the maximum potential abstraction. The Curve Number is related 
to S by the relationship 


CN = 


1000 
S + 10 


( 1 ) 


Figure 2 clearly shows that a significant standard error is associated with Equa- 
tion 1. Thus, any proposed alternate land use classification can show some 
deviation from the Cuiwe Numbers of Table I without seriously detracting from 
the overall SCS Model. 

Table III is an alternate approach to defining Curve Numbers and includes 
only classifications that computer aided analysis of the Landsat MSS CCT's can 
identify. The discussions in (6) conclude that these categories can be identified 
with a large degree of agreement with the results obtained from low altitude 
aerial photography. The Curve Numbers for Table III were obtained as follows: 
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(1) All Forest Land was assumed to be in good cover. The Curve Numbers 
of Table III are those of Table I. 

(2) Grassed Open Space - To develop the Curve Numbers for this category, 
the average of the Table I categories of "Good Pasture," "Good Meadow,' 
and "Good Condition Lawns, Parks, Golf Courses, etc." were used. 
Example: Soil Group A 

(Pasture(39) + Meadow(30) + Grass Lawn(39))/3 = 36 

(3) Highly Impervious (Commercial-Industrial-Large Parking Lot) - The 
Table III Curve Number is the average of the following Table I categories: 
"Commercial and Business (I = 85%)"; "Industrial (I = 72%)"; and 
"Pavements." 

Example; Soil Group A 

CN = (89 + 81 + 98)/3 = 90 

(4) Residential - At present Lands at is not able to discriminate different 
residential lot sizes, densities, etc. Thus, the Table III category in- 
cludes a spectrum of lot sizes and some "low density" or "garden type" 
multifamily housing. The Curve Numbers presented in Table III are 
the average of the "Residential" Curve Numbers for each soil group in 
Table I. 

Example: Soil Group A 

CN = (77 + 61 + 57 + 54 + 51)/5 = 60 
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(5) Bare Ground - The Table III Curve Numbers are the average of the 
’’Dirt Road” and ’’Cultivated Land Without Conservation Treatment” 
categories of Table I. 

Example: Soil Group D 

CN = (89 + 91)/2 = 90 

(6) Cultivated - During fallow periods, the land under cultivation would 
normally be classified as "Bare Ground.” If the cultivated area is 
"without conservation practice,” the Curve Numbers will be essentially 
those of "Bare Ground. ” Some of the Land Use-Curve Number tables 
in SCS-NEH-42 assign values to various types of crops. Numerous 
studies by Purdue University's Laboratory for Applications of Remote 
Sensing and others have shown that discrimination among crop types 
can be accomplished with good accuracy with Landsat. Thus, contingent 
on ground truth in the area of application, it should be possible to mod- 
ify Table III to include crop types if needed. 

It must be emphasized that Landsat is proposed only for use in the identifi- 
cation of the land covers needed for an alternate approach to the SCS Model. The 
hydrologist must still have a topographic map to delineate the watershed bound- 
aries and define the slope and length of the channel system. He must also have 
some definition of the soils on the watershed. Thus, in this context, the use of 
Landsat is presented as a more efficient technique to provide part of the infor- 
mation needed to apply the SCS Model. 
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The land cover categories presented in Table III were selected as being 
appropriate for use in the suburban areas surrounding metropolitan centers in 
the eastern United States. For use in other geographical areas, different Landsat 
compatible categories can be substituted. In arid regions, for example, other 
cover conditions might replace forests and grasslands. The categories used are 
dependent on need and availability of ground truth. Still, it must be recognized 
that the number of land cover categories in a given table must be limited if 
Landsat discrimination is to be accomplished. 

Tie two sets of comparisons follow that illustrate the agreement between the 
results obtained with Table I and those given with Table III. Section IV compares 
the Landsat compatible approach to a set of examples from Reference (1). Sec- 
tion V is a comparison of the approaches using a Landsat land cover delineation 
and Table III with a land cover identification based on high altitude photography 
and Table I in the Upper Anacostia River Basin in the Maryland suburbs of Wash- 
ington, D . C. This test on the Upper Anacostia compares not only the sensors 
and Table I and III, but also the differences caused by using detailed soil and 
watershed slope information against "rough" soil and slope data. 

TV. COMPARISON OF LANDSAT COMPATIBLE AND CONVENTIONAL LAND 
COVER INPUTS USING EXAMPLES FROM SCS-TR-55 
The following problems are the examples presented in SCS-TR-55 to illus- 
trate the use of their Urban Hydrologic Model. In each instance, the original 
approach to the problem solution is presented. The example problem is then 
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re-worked using Table III, the Landsat compatible land cover, to define the 


Curve Number. 

Example 2-1 . Compute the runoff from five inches of rainfall for a 1000 acre 
watershed to be converted to a suburban development. All soils are in hydrologic 
soil group C . The proposed land use is 50% detached houses wdth lot size l/4 
acre; 10% townhouses with lot size l/8 acre; 25% streets with curbs and gutters, 
schools, parking lots, plazas; 15% open space parks, schoolyards, etc. with 
good grass cover. 

A. Table I approach; 


1. Compute the weighted runoff Curve Number. 


Land Use 

Percent 

Curve 

Number 

Product 

Detached houses with lot size 1/4 acre 

50 

83 

4,150 

Townhouses with lot size 1/8 acre 

10 

90 

900 

Streets with curbs, plazas, etc. 

25 

98 

2,450 

Open space, parks, etc. 

15 

74 

1,110 


100 


8,610 


Thus 


Weighted CN = = 86 

2. From Figure 1 using CN = 86 and P = 5 read Q = 3.47 inches. 

B. Table in approach: 

1. The detached and town houses would have been classified as "Resi- 
dential" by Landsat; CN = 83 
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2. The Plazas, Parking Lots, etc. would have been classified as "Highly 
Impervious": CN - 93 

3. The Parks, etc. , would have been classified as "Grassed Open 
Space": CN = 73 

4. CN = . 6(83) + . 25(93) + . 15(73) = 84. 1 Use 84 

5. From Figm-e 1, Q = 3.27 inches 

Example 2-2 . Compute the runoff from 6. 3 inches of rainfall for a 1000 acre 
watershed to be converted to suburban development. The soils are in hydrologic 
soil group B. Forty percent of the development will be impervious with all im- 
pervious areas directly connected and 60% is pervious and considered to be in 
good grass, 

A. Table I approach: 

1. From Table I Pervious CN - 61 

2. Prom Figure 3 read CN = 76; from Figure 1 Q - 3. 64 inches 

B. Table III approach: 

1. 40% I, Consider as 40% Highly Impervious CN = 93 

2. 60% Grass, CN = 60 

3. .4(93) + .6(60) = 37 + 36 = 73 

4. Q = 3. 51 from Figure 1 

Example 2-3 . Compute the runoff Curve Number for a 1000 acre watershed. 

The hydrologic soil group is 50% B and 50% C interspersed throughout the water- 
shed. The land use is: 
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1. 40% residential area that is 30% impervious 


2. 12% residential area that is 65% impervious 

3. 8% paved roads with open ditches 

4. 10% paved roads with curbs and storm sewers 

5. 16% open land with 50% fair cover and 50% good cover 


6. 14% parking lots , plazas, schools, etc. (all impervious) 
A. Table I approach: 


Hydrologic Soil Group 



B 

C 

Land Use 

Pet. 

CN 

Product 

Pet. 

CN 

Product 

Residential (30 pet. Impervious) 

20 

72 

1,440 

20 

81 

1,620 

Residential (65 pet. Impervious) 

6 

85 

510 

6 

90 

540 

Roads with open ditches 

4 

89 

356 

4 

92 

368 

Roads with curbs and sewers 

5 

98 


5 

98 

490 

Open land: 







Fair cover 

4 

69 

276 

4 

79 

316 

Good cover 

4 

61 

244 

4 

74 

296 

Parking lots, plazas, etc. 

7 

98 

686 

7 

98 

686 


50 

1 


4,002 

50 


4,316 


Weighted CN = 83.18 (use 83) 


B. Table III approach: 

1. Categories 1 through 4 cover 70% of the watershed and would have 
been classified as Residential by Landsat: CN = (74 + 83)/2 - 79 

2. Category 5 would be classified as Grassed Open Space: CN = (60 + 
73)/2 =67 


13 



















3. Category 6 would be Highly Impervious: CN = 93 

4. Weighted Curve Number: CN = . 7(79) + . 16(67) + . 14(93) = 79 
Example 2-4 . A 175 acre watershed consists of 30% agricultural and 70% urban 
land use. The agricultural land use is made up of 40% cultivated land with con- 
servation treatment; 35% meadow in good condition and 25% in forest land with 
good cover. The urban area is residential with an estimated 60% on 1/3 acre 
lots, 25% on 1/4 acre lots, and 15% streets, and roads with storm sewers. 
Compute the weighted composite runoff Curve Number for a B hydrologic soil 
group. 

A. Table I approach: 


Land Use 

Acres 

Curve Number 

Product 

Agricultural 

cultivated land - cons, treat 

(52) 

21 

71 

1491 

meadow - good cover 

18 

58 

1044 

forest - good cover 

13 

55 

715 

Urban 

l/3 acre lots 

(123) 

74 

72 

5328 

1/4 acre lots 

31 

75 

2325 

streets and roads with curbs 
and storm sewers 

18 

98 

1764 


175 


12667 


Weighted CN = = 72. 4 Use CN = 72 

JL 1.0 


B. Table III approach: 

1. Agricultural Watershed (30%) 

a. Assuming that the cultivated land was open, it would have been 
classified as Bare Ground. No consideration would have been 
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given to the conservation practices because they could not be seen 
with Landsat: CN = 82 

b. The meadow would have been classed as Grassed Open Space: 

CN = 60 

c. Forest Land; CN = 55 

d. Curve Number for Agricultural Portion of Watershed: CN = 

.4(82) + .35(60) + .25(55) = 68 

2. Urban Watershed (70%) - The individual streets would not have been 
detected. The entire urban portion of the watershed would have been 
classified as Residential: CN = 74 

3. Composite Curve Number; CN = .3(68) + .7(74) = 72. 2 Use 72 

V. COMPARISON OF LANDSAT AND AERIAL PHOTOGRAPHIC APPROACHES 
ON THE UPPER ANACOSTIA RIVER BASIN 

The previous examples were hypothetical and were those included in Refer- 
ence (1). Implicit in the comparison was the assumption that the Landsat would 
be completely accurate in identifying the appropriate land covers listed in the 
examples. Such will not be the case. It was also assumed in the previous ex- 
amples that all of the detailed soil information would be available. Such infor- 
mation can be developed from the County Soil Surveys that are usually available 
through the State Offices of SCS. However, the development of detailed soil 
information is tedious and would detract from the advantage of speed offered by 
the Landsat approach. The following example accomplishes several things. 
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First, it is a "real world" problem which includes the confusion betv\^een land 
cover classes to which all remote sensors are subject. It also examines the 
impact of using a rapid estimate of soils and slopes as opposed to very detailed 
estimates of these parameters. Finally, the steps illustrate the approach used 
in the emergency spillway version of the SCS Model. The equations used in the 
model are presented as Table IV (Table 21.11 of Ref. 2). 

PROBLEM: Compute an emergency spillway hydrograph for a Class b structure 

to be constructed at Colesville on the Northwest Branch of the 
Anacostia River. 

APPROACH: Use Soil Conservation Method outlined in Chapter 21-Design Hy- 

drographs, Section 4, SCS National Engineering Handbook^ . 

A. Landsat Based Approach Using Image 100 

1. Use uses 1:24000 topographic maps to outline watershed boundary. 

The drainage area is found to be 21. 1 square miles. Figure 4 shows 
tributaries and watershed boundary. . * . 

2. Develop transparency of the watershed boundary at scale of approxi- 
mately 1:100, 000. 

3. Use Image 100 screen projector to overlay transparency of Step 2 
onto the color Cathode Ray Tube display of the Landsat scene of the 
area surrounding the watershed under study. Black out the area not 
inside watershed boundary, (An alternate approach could have been 
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to digitize the watershed boundary and enter into the Image 100 with 
cards. ) 

4. Classify the land covers in the watershed in accordance with Table 
III. Obtain alpha-numeric output to insure that unclassified pixels 
are randomly distributed. Use listing of pixel classifications to 
assign percentages of watershed devoted to each land use. 

a. Figure 5 is a photoreduction of the alpha-numeric map of the 
Upper Anacostia produced by the Image 100 

b. Below is a listing of the pixel assignments for the Upper Anacostia 

Total Pixels 10,680 


Forest 

2528 

(23.7%) 

Grassed Open Space 

4068 

(38.1%) 

Highly Impervious 

198 

(1. 9%) 

Residential 

3424 

(32.1%) 

Unclassified 

462 

(4. 2%) 


5. Use "General Soil Map" from the appropriate County Soil Survey 
published by the SCS of USDA to determine the soil associations in 
the Watershed. Figure 6 is the General Soil Map from the Montgom- 
ery County Soil Survey. It was not necessary to determine the exact 
location of the watershed on this map because of the uniformity of 
the soil associations in the vicinily. The Upper Anacostia centers 
around Norbeck and is in a Glenelg -Manor -Chester soil association. 
In other areas it might be necessary to outline the watershed to 
estimate the percentages of different associations in the watershed. 
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6. Use Table 7. 1 of NEH--4 to determine the Hydrologic Soil Classifi- 
cation. of the Soil Association found in Step 5. Figure 7 is an example 
of one page of Table 7.1. All three soils m the watershed are in the 
"B" Hydrologic Classification. 

7. The Curve Number for the watershed can now be assigned from 
Table in. In the case of the Upper Anacostia: 


23.7% 

Forested 

CN = 55 

38.1% 

Grassed 

CN= 60 

1.9% 

Highly Impervious 

CN = 93 

23.1% 

Residential 

CN = 74 


Weighted CN = . 237(55) + . 381(60) + . 019(93) + . 321(74) = 61. 4 
This accounts for only 95. 8% of watershed because of 4. 2% un- 
classified pixels: CN = 61. 4/. 958 = 64 

8. From 1:24,000 USGS topographic sheet find the longest length chan- 
nel. Estimate an average slope by measuring the distance along the 
channel system between contours at several points . In the Upper 
Anacostia, the maximum length of channel flow was found to be 
46,000ft. The average S = 0. 007*/’. 

9. Estimate the time of concentration by computing the time of flow 
down the longest channel. Some reconnaissance was necessary to 
develop an estimate of "n” and the flow characteristics . From lim- 
ited reconnaissance, USGS Water Supply Paper 1849^ was used to 
estimate n = .04, The channel banlcfull hydraulic radius was approxi- 
mately one foot. The Manning equation gave V = 3 ft/sec. Thus, the 
flow time in the channel for the Upper Anacostia was 4.26 hours. 



10. In a large watershed, Step 9 is a satisfactory estimate of the time 
of concentration, Smaller watersheds require the additional over- 
land flow time required for the runoff to reach the channel. This 
time is controlled by the length, surface material, and the land 
slope. To determine the overland flow time: 

a. Maximum length of overland flow probably does not exceed 400 
feet. 

b. To find the slope, an estimate of the distribution of the sub- 
groups within the watershed soil association must be made. The 
County Soil Surveys include a table entitled "Approximate Acreage 
and Proportionate Extent of the Soils. " Figure 8 is the appro- 
priate table from the Montgomery County Survey. Without field 
investigations, one can only assume that the county -wide distri- 
butions hold within the watershed. The percentages assigned to 
each soil are used to obtain a weighted slope. This is accom- 
plished by multiplying the average slope of the soil by the extent. 
The sum of these products is then divided by the sum of the ex- 
tents to obtain an average slope as shown by Table V. In the 
case of the Upper Anacostia, the average slope was 10.4%. 

c. The velocity of overland flow is estimated from Figure 15-2 of 
NEH-4, presented here as Figure 9. For a forest-grass cover 
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on a slope of 10%, the velocity is 0. 8’/ssc and yields an over- 
land flow time of 0.14 hours. 

d. The total time of concentration is then the channel flow time 
plus the overland flow time. In the Upper Anacostia t^ = 4. 26 + 
.14 = 4.4 hours, 

NOTE: Steps 11 - 24 correspond to Steps 1 - 14 on Pages 21. 51 - 21.53 in the 
example from SCS-NEH-42. 

11. The time of concentration is less than six hours, therefore 
Determine the 6-hour storm rainfall amount, P. For this struc- 
ture class the rainfall amount is taken from Figure 10a (ES-1020 

of Ref. 2). For the given location the map shows that P - 8. 2 inches. 

12. Determine the areal rainfall amount. From Figure 10b (Figure 
21.2a of Ref. 2) factor = . 94. Therefore P = . 94 (8. 2) = 7. 7 inches. 

13. Make the duration adjustment of rainfall amount. No adjustment is 
made because the time of concentration is not over six hours. 

14. Determine the runoff amount, Q. Enter Figure 1 (Fig. 10.1 of 
Ref. 2) with P = 7. 7 inches and CN = 64 and find Q = 3. 6 inches. 

15. Determine the hydrograph family. Enter Figure 10c (Fig. 21.3 of 
Ref. 2) with CN = 64 and at P = 7.7 read hydrograph family 3. 

16. Determine the duration of excess rainfall, Tq . Enter Figure lOd 
(Fig, 21. 4 of Ref. 2) with P = 7. 7 inches and at CN = 64 read by 
interpolation that Tq = 4. 4 hours. 
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17. Compute the initial value of Tp . By Equation 21,4 (Table IV) this 


0. 7 (4.4) = 3. 1 hours. 

18. Compute the T^/Tp ratio. This is 4. 4/3.1 = 1.4 

19. Select a revised To/Tp ratio from Figure lOe (Table 21. 16 of Ref. 
2). This table shows the hydrograph families and ratios for which 
dimensionless hydrographs are given in Table 21. 17 of Ref, 2. 

Enter Figure lOe with the ratio from Step 8 and select the tabu- 
lated ratio nearest it. For this example the selected ratio, 

(To/Tp) rev. , is 1. 5. 

20. Compute Rev. Tp . This is a revised Tp used because of the change 
in ratio. By Equation 21. 5 (Table IV), Rev. Tp = 4, 4/1. 5 = 2. 93 
hours . 

21. Compute qp . By Equation 21. 6 (Table IV) this is 484 (21. l)/2.93 = 
3485 cfs. 

22. Compute Qqp . Using the Q from step 14 and the qp from Step 21 
gives Q(qp) = 3.6 (3485) = 12 546 cfs. 

2 3 . Compute the times for which hydrograph rates will be computed. 

In Equation 21.7 (Table IV) use Rev. Tp from Step 10 and the 
entries in the t/Tp column of the selected hydrograph in Table 21. 17 
of Ref. 2 (presented here as Table VI). The computed times are 
shown in Column 2 of Table VII. 
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24. Compute the hydrograph rates. Use Equation 21.8 (Table IV) and 


the qc/qp column of the selected hydrograph in Table 21. 17 of Bef. 
2 (Table VI in this report) . The computed rates are shown in 
Column 3 of Table VII. The hydrograph is plotted as Figure 11. 

B. Aerial Photographic Approach 

1. As with the Landsat approach, use 1:24000 USGS topographic map 
to outline watershed. 

2. As the first step in developing the Curve Number, land uses in the 
watershed were determined from a 1:24,600 enlargement of a U-2 
color infrared high altitude aerial photograph. The approach was 
to identify the dominant land cover in each cell of a 1/4 inch grid 
overlay ed on the photograph. At this scale, each cell was 6. 03 
acres. Two interpreters were used and their results averaged to 
give the percentages shown in Table VIII. 

3. Table I requires housing densities to obtain the Curve Number. A 
one inch square transparancy was overlayed onto a series of resi- 
dential areas that were representative of the housing developments 
in the watershed. The number of houses inside the square were 
counted to obtain the number of dwelling units per acre as required 
by Table I. The ‘lensity distribution is shown in Table IX. 

4. The Anacostia Kesource Identification Study^>^° had developed a 
series of detailed soil maps using computer techniques. Figure 12 
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shows the distribution of Hydrologic Soil Groups. Each symbol 


represents the dominant soil group in a 1. 15 acre cell. By counting 

the number of symbols assigned to each group in the watershed, the 

following distribution was obtained: 

A 0% 

B 79.9% 

C 5. 5% 

D 14. 6% 

5. Curve Number was then computed as follows: 

a. Calculation of Weighted CN for Residential Areas: 


CN by Soil Group 



B 

C 

D 



1/4 Ac. 

75 

83 

87 

.799(75) + .055(83) 

+ . 146(87) = 77.2 

1/3 Ac. 

72 

81 

86 

.799(72) + . 055(81) 

+ . 146(86) = 74. 6 

1/2 Ac. 

70 

80 

85 

.799(70) + . 055(80) 

+ . 146(85) = 72.7 

1 Ac. 

68 

79 

84 

.799(68) + .055(79) 

+ .146(84) = 70.9 


.007(77.2) + .162(74.6) + .418(72.7) + .413(70.9) = 72.3 


CN Resiijential -72.3 
b. Calculation of other CN's: 

Land Use 

Cultivated 71 78 81 . 799(71) + . 055(78) + . 146(81) = 72. 8 

Open Space 61 74 80 . 799(61) + . 055(74) +. 146(80) = 64. 5 

Forest 55 70 77 . 799(55) + . 055(70) + . 146(77) = 59. 0 

Multi-Family 85 90 92 .799(85) + .055(90) + .146(92) = 86.3 

IND-COM 88 91 93 . 799(88) + . 055(91) + . 146(93) = 88. 9 
Parking Lot 98 98 98 

Dirt 81 88 91 . 799(81) + . 055(88) + . 146(91) = 82. 85 
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c. Calculation of the Final Weighted CN; 

.153(72.8) + .244(64.5) + .252(59.0) + .257(72.3) + .018(86.3) 

+ . 005(98. 0) + . 027(88. 9) + . 045(82. 85) = 68. 4, use 68 

6. As in Step 9 of the preceding Ltuidsat approach, the time flown down 
the Channel System was 4.26 hours. 

7. The time of overland flow requires the land slope. Figure 13 shows 
the slopes of the soil groups in the watershed in the same format as 
Figure 12. By counting the number of symbols assigned to each 
slope, the average watershed slope was estimated to be 8.4% as 
shown by Table X. From Figure 9, the time of overland flow was 
computed as 0. 13 hours. 

8. Time of concentration Tc = 4. 26 + . 15 = 4.41 hours 

9. Because Tc is less than 6 hours, use storm duration of 6 hours. 
From Figure 10a (ES-1Q20 of Ref. 2) P = 8.2 inches 

10. Areal rainfall from Figure 10b; factor; = .94 Therefore P = 7.7" 

11. Duration adjtistment; not necessary since ppt. is less than 6 hr 

12. Runoff Q, Figure 1, CN = 68.01, Q = 4. 0" 

13. Hydrograph family; Figure lOc Use NO. 3 

14. Duration of excess rainfall. Tq; since less than 6 hr Figure lOd 
Use To = 4. 6 

15. Tp = .7(4.6) = 3.1 hrs 

16. To/Tp = 4. 6/3.1 = 1.48 
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17. Revised To/Tp : Figure lOe Rev. To/Tp = 1.5 

18. Revised Tp ; Eq. 21-5 Rev. Tp = 3.1 

19. Qp: Eq. 21-6 = 484 A/Rev. Tp = 484 (21. l)/3. 1 = 3294 

20. Qqp = 4(3294) = 13176 

21. Hydrograph is listed in Table XI and shown as Figure 11. 

VI. COMPARISONS WITH SCS-TR-20 

A more extensive SCS Model, the TR-20^ , was used by the Maryland National 
Capital Park and Planning Commission (MNCPPC) and their consultants in the 
development of a comprehensive storm water management program for the Ana- 
costia River Basin. The function of the model was to synthesize a flood frequency 
series for present and future land uses that could be used for flood plain delin- 
eation and estimating reservoir storage requirements. 

Conceptually, the TR-20 is a more comprehensive, computerized version of 
the model used in the Landsat and U-2 studies described in the previous section. 

A key feature of the TR-20 is that it automatically computes hydrographs for 
individual subwatersheds draining into the channel system and routs them to the 
downstream end of the drainage basin. Backwater curves are then computed to 
establish the flood plain. 

Land cover for the TR-20 model was delineated by MNCPPC from 1:4800 
aerial photos and field investigations . No records were kept concerning the 
number of man-hours required because the staff was involved in other projects. 
Discussions with the MNCPPC staff and experiences with 1:4800 aerial photos 
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during the Anacostia Eesource Identification Study^*^ indicate that the time re- 
quired for land use delineation in the upper 21. 1 square miles of the basin was 
at least one and one-half to two man-months. Land covers, soil types, and the 
corresponding Curve Numbers were developed for 109 sub -watersheds ranging 
in area from 3. 1 acres to 2.36 sq. miles. 

As mentioned earlier, the TR-20 collects sub-watershed hydrographs and 
routs them through the channel system. Thus, channel cross sections are re- 

f 

quired as inputs to the model. One-hundred and twenty cross-sections were 
used in the TR-20 for the Upper Anacostia Basin. A commercial surveying firm 
was hired for the field work. A three man crew was able to complete an average 
of three cross sections per day. Thus, approximately 40 calendar days, or 120 
man-days, were required to establish the cross-sections used in the TR-20 study. 

SCS has an option for three antecedent moisture conditions, I, II, and III in 
their models. The Curve Numbers used in the Lands at and U-2 examples of the 
previous section were for antecedent moisture condition II. The MNCPPC de- 
cided to use antecedent moisture condition III in their work with the TR-20. Table 
10.1 of Reference 2 increases the Landsat and U-2 CN's of 64 and 68 to 81 and 84 
respectively for the III moisture condition. The weighted Curve Number for the 
Upper Anacostia as used by MNCPPC in the TR-20 was 80. 5, Thus, the Curve 
Number agreement among the three approaches is truly excellent. 

MNCPPC also estimated the percent imperviousness of the Upper Anacostia 
as part of their land use studies. They estimated that 19% of the watershed was 
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covered by roof tops or some kind of pavement. The Landsat and U-2 estimates 
were 15,2% and 15.3% respectively. 

Stream cross-section Number 120, used by MNCPPC in the TR-20, was at 
Randolph Road which coincides with a USGS gagii^ station established in 1927 . 
Table XII shows the Stage-Cross Sectional Area-Discharge relationship for this 
station. So that a comparison could be made, the Landsat and U-2 approaches 
described in the previous section were used to synthesize a flood frequency series 
with antecedent soil moisture III Curve Numbers. The approach was to compute 
peak flows produced by the 24-hour rainfalls corresponding to specified return 
periods. These were the same rainfalls used by MNCPPC. 

Figure 14 shows the three synthetic frequency curves . Table XIII compares 
the discharges and depths of flow estimated by the three approaches. The Land- 
sat and U-2 discharges are higher than those of the TR-20. If the land-use and 
soil Input data to the three approaches were identical one would still expect lower 
discharges from the TR-20 because of the attenuation produced bj‘ flood routing 
sub-routine. The agreement among the approaches with respect to depth of flow 
is excellent, especially when one considers the uncertainties concerning river 
stage during periods of flooding. 

There is no way to be certain that the SCS Models provide the best estimates 
of the flood frequency series. The flood frequency series developed from the 
long term Upper Anacostia stream flow records by USGS Table XIV cannot be 
used as a comparison because of the drastic shifts in land use occurring during 
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the 1960’s. However, if an SCS approach is adopted for a study, the results on 
the Upper Anacostia provide strong indications that the relatively simple Landsat 
or U-2 approaches are just as good as the TR-20. Of major importance, the 
inputs required for the Landsat and U-2 approaches can be estimated in a fraction 
of the time required for the development of the TR-20 inputs . 

When making a comparison between Landsat and aerial photographic ap- 
proaches, one automatically assumes that the photos provide the "ground truth. " 
The U-2 photo blown up to a scale of 1:24,600 allows an interpreter to see every 
house and small field in the watershed. Still, when it becomes necessary to 
classify the land uses in accordance with Table I, or some similar breakdown, 
some confusion develops concerning the exact category to which a particular 
parcel should be assigned. Table XV is a "confusion matrix" for the two inter- 
preters working on the Upper Anacostia River Basin. The confusion matrix 
shows that when a large sample is involved, 2707 grid cells in this case, the 
overall classification represented by the "percent of total" is good. On the 
other hand, the classification of a single cell or small parcel of land may be 
conhised among several categories just as is the case when using Landsat data. 

The confusion matrix presents the number of samples that Interpreter 1 
assigned to land use Lj that were assigned to land use Lj by Interpreter 2. For 
instance. Interpreter 1 assigned 381 samples to the class "cultivated" and of 
those same 381 samples. Interpreter 2 assigned 223 to the class cultivated, 105 
to open space, etc. When large samples are used the values in the matrix can 
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be divided by the totals of the rows or columns to obtain probability estimates 
for each assignment. By dividing the first column of Table XV by the column 
total, 381, one obtains the probability that Interpreter 2 will assign a sample 
labeled cultivated by Interpreter 1 to each of the land uses. If one of the inter- 
preters is assumed to be 100% accurate the values would represent the prob- 
abilities of correct and incorrect assignment. However, in the present study 
they must be interpreted simply as the probability of agreement and disagreement 

The diagonal elements of the confusion matrix represent the agreement of 
the two interpreters. The overall agreement is 68%. If the classes Cultivated 
and Open Space and the classes Parking Lot and Industrial-Commercial are 
combined into the classes Grass and Highly Impervious respectively the classi- 
fication scheme is similar to that used for the Lands at data. The probability of 
agreement is now 77% because confusion between certain classes was removed 
by combining them. 

Vn. CONCLUSIONS 

The SCS Model is an empirically based approach to hydrograph synthesis. 

It was selected for examination because the parameters needed for its operation 
are heavily dependent on land cover distributions that can be modified for Land- 
sat compatibility. If a planning agency decides to use the SCS model, the land 
cover categories can be developed through computer aided analysis of the Land- 
sat CCT's. The results obtained with the Landsat based approach should com- 
pare favorably with those based on the conventional land cover delineations . 
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The testing program of this study used topographic and conventional soil 
survey data. In some geographical regions it is possible to extract considerable 
topographic data such as stream networks, etc. , from Landsat^^ . Considerable 
work is also being done to develop techniques for estimating soil types from 
Landsati2 through inferences from stream networks, vegetal cover, tone, and 
cultural practices. Improvement in the ability to extract topographic and soil 
information with Landsat should make the satellite based SCS approach an in- 

I 

creasingly attractive tool for hydrograph synthesis on ungaged watersheds. 
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HYDROLOGY: SOLUTION OF RUNOFF EQUATION 0 
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Figure 1. Graphical Solution of Runoff Equation. (Fig. 10. 1 of NEH-4) 
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(Fig. 10.2 of NEH-4) 


PERCENT IMPERVIOUS 

Figure 3. Percentage of Impervious Areas vs. Composite CN’s for 
Given Pervious Area CN*s. (Fig. 2.2 of SCS-TR-55) 
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Figure 5. Alpha-Numeric Map of Upper Anacostia River Basin 
from IMAGE 100 Line Printer. 
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NEH Notice 1 +- 102 , August 1972 
Figure 7. Hydrologic Soil Classifications (from NEH-4(2)). 
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Figure 8. Montgomery County Soil Distributions. 


ORIGINAL PAGE IS 
POOR QUALITY 


38 






ORIGINAL PAGE IS 
OF POOR QUALITY 






Discharge (1000 cfs) 



Figure 11. ^nthesized Hydrographs for Upper Anacostia River Basin. 
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Figure 14. Comparison of ^nthetic Frequency Curves. 
Northwest Branch of Anacostia River at Colesville, Maryland 
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Table I 

Runoff Curve Numbers for Selected Agricultural, Suburban, 
and Urban Land Use. 

(Antecedent moisture condition II, and I^ = 0.2S) 

(Table 2-2 of SCS-TR-55) 


LAND USE DESCRlFflOH 

HYDROLOGIC SOIL GROUP 

A 

B 

c 

D 

Cultivated landl^i without conservation treatment 

72 

81 

88 

91 

! with conservation treatment 

62 

71 

78 

81 

Pasture or range land." poor condition 

68 

79 

86 

89 

good condition 

39 

61 

7li 

80 

Headowi good condition 

30 



58 

71 

78 

Hood or Forest land; thin stand, poor cover, no mulch 

1<5 

66 

77 

83 

good cover- 

25 

55 

70 

77 

Open Spaces, lawns, parks, golf courses, cemeteries, etc. 





good condition! grass cover on 75? more of the area 

39 

61 

7l4 

80 

fair condition: grass cover on 50? to 75? of the area 

U9 

69 

79 

6I( 

Commercial ond business areas (85? impervious) 

89 

92 

9l» 

95 

Industrial districts (72? impervious), 

Si 

88 

91 

93 

Hesldential!-'^ 

Average lot size Average ? Impervious-' 





1/8 acre or less 65 

77 

85 

90 

92 

Ifk acre 30 

61 

75 

83 

87 

1/3 acre 30 

57 

72 

81 

66 

i/2 acre 25 

5>) 

70 

80 

65 

1 acre 20 

51 

68 

79 

81( 

Paved parking lots, roofs, driveways, etc.-^ 

98 

98 

98 

98 

Streets and roads: 

paved vlth curbs and storm sewers-^ 

98 

98 

98 

98 

gravel , _ 

76 

85 

89 

91 

dirt 

72 

82 

87 

-- » — 

89 


For a more detailed description of agricultural land use curve numbers refer to 
National Engineering Handbook, Section llydrology, Chapter 9, Aug, 1972. 

l-l Good cover is protected from grazing and litter and brush cover soil. 

i/ Curve numbers are computed assuming the runoff from the house and driveway 
is directed towards the street with a mlniraum of roof water directed to lawns 
where additional infiltration could occur, 

'A The remaining pervious areas (lawn) are considered to be in good pasture condition 
for these curve numbers, 

In some warmer climates of the country a curve number of 95 may be used. 



Table n 

Soil Names and Hydrologic Classifications. 
(Table B-1 of SCS-TR-55) 




AKAXA 

A 

AMADOR 

0 

ARRCR 

fi 

AUEE 

C 

AASIAO 

e 

AKASKA 

fi 

AMACCN 

0 

AP8UCRLE 

B 

AIMORE 

fi/0 

AdAJO 

c 

AREIA 

c 

AHALU 

D 

AMCATA 

B 

ATOKA 

c 


0 

ALADDIN 

fi 

AHANA 

fi 

AMCH 

fi 

ATSION 

c 

AAlUimiCUN 

C 

ALA£ 

A 

AMARGOSA 

0 

ARCHABAL 

b 

AT TLRBERKY 

fi 

aafco 

B 

ALAELOA 

B 

AMARILLC 

B 

AMCHER 

c 

AMtUAH 

A 


6 

alaga 

A 

AMASA 

fi 

ARCHIN 

c 

ATTICA 

fi 

ABHl 

B 

ALAKAI 

C 

amblkscn 


ARCO 

• 

ATUEBORO 


ABtROECN 

D 

alama 

c 

AHfiCY 

C 

ARCOLA 

c 

ATMATEM 

fi 

ABes 

D 

ALAMANCE 

b 

AMCRAH 

c 

ARD 

C 

ATbCLL 

c 

ABUfNF 

C 

alamc 

C 

AMECEE 

A 

ARDEN 

0 

ATbCOO 

fi 

ABlNCTilK 

B 

ALAHDSA 

C 

AMELIA 

fi 

AROLNVCIR 

i 

AUBBEENAUBBEC 

• 

ABIOOA 

C 

ALAPAHA 

D 

AMEMA 

B 

AMDtUA 

C 

AUBERRT 

fi 

ABO 

B 

ALAPAI 

A 

AMERICUS 

A 

AREOALE 

B 

AUBURN 

c 

A6KA 

C 

ALOAh 

0 

AMES 

C 

ARENA 

C 

AUfiURNDALC 

0 

ABkAHAI* 

B 

ALPAND 

c 

AMHERST 

c 

ARINALES 

A 

AUDIAN 

0 

ABSARUAFt 

C 

AIDANY 

c 

AMitr 

c 

ARENOfSViLLC 

d 

AU GRES 

c 

ABSCOTA 

B 

Al<^A1 ON 

D 

AMMON 

fi 

ARfNOSA 

A 

AUGSBURG 

fi 

ABSH^ff 

D 

ALhEE 

C 

AMOLE 

C 

ARENEVlLLf 

fi 

AUGUSTA 

c 

ACACin 

C 

ALbCMARLE 

B 

AMCa 

6 

ARGONAUT 

0 

AULO 

D 

ACADEMY 

c 

ALHf RTVILLE 

C 

AMQS 

c 

ARCUFLLO 

B 

AURA 

'fi 

ACADIA 

0 

ALHIA 

c 

AMSUPOAM 

B 

ARGVLC 

fi 

AURORA 

c 

ACAYA 

0 

AL3ICN 

e 

AMICFT 

D 

ARUG 

A 

AUSTIN 

c 

ACmUhAS 

H 

ALBk) GHTS 

c 

AMT 

D 

ARKAbUTLA 

C 

AUXVASSE 

0 

ACEt 

D 

alcalde 

c 

ASACAPA 

fi 

AkNPCRT 

B 

AUEQUI 

e 

ACKER 

6 

ALCE STER 

a 

ANAHUAC 

D 

ARLANC 

fi 

AVA 

c 

ACKHEN 

B 

ALCOA 

B 

ANAMIIE 

0 

APLIN'G 

C 

avalanche 

fi 

ACYF 

C 

ALCONA 

a 

ANAPRA 

S 

ARLINGTON 

A 

AVALON 

B 

ACO 

B 

ALCOVA 

B 

ANATOKE 

D 

AKLOVAL 

C 

AVERY 

fi 

ACi)L ITA 

B 

ALDA 

C 

ANAVEROE 

0 

ARMAGH 

D 

AVON 

C 

AcnvE 

C 

ALOAX 

D 

ANCfiC 

C 

*,R«*|NGTUN 

0 

AVONBURC 

0 

AC ION 

B 

AlOCN 

0 

ANCHCRACE 

A 

..iiMU 

B 

AVCNOALE 

6 

aCUFF 

B 

alder 

e 

ANCHOR EAV 

D 

ARPut R 

B 

AkBREY 

'J 

ACWORTH 

B 

ALOEROALE 

c 

anchor point 

B 

ARMSUP 

C 

AXTELL 

0 

ADA 

a 

ALUEPmuOO 

c 

AKCLCTE 

C 

ARmSTkCN^ 

0 

AVAR 

c 

AOAIw 

0 

ALOINO 

c 

ANCO 

c 

AKMUCHCL 

D 

AYCCCR 

e 

ADAMS 

A . 

ALCKNACIK 

fi 

ANGERS 

c 

ARNEGAKO 

B 

AYR 

6 

AOAM5U.Y 

B 

ALEX 

e 

ANCERSCN 

8 

ARNHART 

C 

AYRES 

D 

ADAMSli^UM 


ALFYANORIA 

e 

ANCES 

c 

aknheim 

C 

AYRSHIRE 

C 

AOAM:>YILL£ 

C 

ALEXIS 

e 

ANCCRINU 

c 

ARND 

c 

AYSEES 

fi 

APATUN 

D 

ALFORD 

e 

ANDOVER 

0 

ARNOLD 

B 

ZTALAN 

e 

ACAVCS 

n 

algansee 

fi 

ANCRES 

B 

ARNDT 

C/O 

AZTEC 

G 

ADDISON 

0 

ALGIERS 

c/o 

ANCREUS 

c 

APOCSfOCK 


AZULE 

C 

AOOY 

c 

alcoma 

B/O 

ANEC 

D 

AROSA 

0 

AZWELL 

B 

ADE 

A 

ALICE 

A 

ANETh 

A 

ARP 

0 



AOEL 

A 

ALICEL 

fi 

ANCELICA 

0 

AHMNGTCN 

B 

BA8fi 

A 

ADFLA ITE 

0 

ALICIA 

c 

ANGELINA 

8/0 

AHkCLiME 

C 

BABBlNG IN 

8 

AUELANin 

B 

ALIDA 

9 

ANCIE 

c 

ARRCN 

C 

bAbCOCK 

e 

ADFLPHIA 

t 

AL IKCHI 

0 

ANGLE 

A 

ARRCH 

fi 

BABYLON 

'A 

ACFNA 

C 

ALKO 

0 

AKGLEN 

B 

AFRCySKITH 

B 

BACA 

C 

ADULIS 

A 

ALLACASH 

b 

ANGELA 

C 

ARTA 

C 

BACH 

0 

AnUO» DACK 


ALLARD 

a 

ANdCSTURA 

a 

ARTOIS 

C 

BAChUS 

B 

AOK IN.S 

A 

ALLEGHENY 

e 

ANIAK 

D 

ARVACA 

0 

BACKBONE 

A 

AOLEw 

C 

ALLEMANOS 

0 

ANITA 

0 

APVASA 

c 

BAOENAUGt 

fi 

ADOLPH 

0 

ALLEN 

H 

ANKENY 

A 

Ah.VESDN 

c 

BADGER 

C 

AO>< IAN 

A/O 

ALLEKOALE 

c 

ANLAUF 

C 

AkVILLA 

a 

BADGERICN 

fi 

AENEA.S 

a 

AILENSVULE 

c 

ANNAHELLA 

A 

AHf ELL 

c 

BADO 

D 

AETN^ 

B 

ALLEMINE 

0 

ANN ANOALL 

C 

ASA 

a 

B A DUS 

C. 

AFMJN 

0 

ALLFNWUOD 

fi . 

AKMbTCN 

a 

AS6UKY 


BAGDAD 

fi 

ACAR 

B 

ALLEY 

c 

ANCKA 

A 

ASCAICN 

B 

dAGGOIT 

0 

A^•^SSI^ 

0 

alliance 

0 

ANCNES 

C 

ASCHUTF 

H 

BAGLEY 

fi 

AOAIE 

P 

ALLIGATOR 

c 

ANSELMC 

A 

ASCfiROFT 

e 

baheh 

e 

AliAMA<* 

e 

ALLIS 

D 

ANSON 

B 

ASHBY 

c 

BAILE 

0 

AGENCY 

C 

Atil SON 

c 

ANTELOPE SPRINGS 

C 

ASHCALf 

e 

bainville 

c 

AOrK 

0 

AUOUEZ 

c 

ANTERC 

C 

ASHfc 

fi 

DAIRD HOUOV 

c 

AGNEh 

B 

allcway 


ANT flat 

C 

ASItKUM 

c 

BAJURA 

0 

AGNfy 

B/C 

ALMAC 

B 

ANTHONY 

B 

ASHLEY 

A 

dAKfOVEN 

D 

AGYI 1 S 

B 

ALmENA 

c 

ANT ICO 

e 

ASH SPRINGS 

C 

BAKER 

c 

ACUA 

a 

ALPONi 

c 

ANT UCN 

e 

ASnTON 

fi 

baker pass 

B 

AGUAOILCA 

' A. 

ALMY 

e 

AMICCK 

0 

ASHUE 

B 

BALAAM 

A 

ACUA CULCF 

C 

ALOHA 

c 

ANTLER 

C 

ashueldt 

c 

BALCH 

0 

AGUA Frit A 

c 

ALONSO 

fi 

ANTCINE 

c 

ASHhl’.OD 

c 

dALGGM 

fi 

AGUE DA 

fi 

ALl'VAR 

c 

ANir 

6 

ASK Eh 

c 

BALD 

c 

AGUtllTA 

B 

ALPENA 

B 

ANNAT 

B 

ASC 

0 

bALCER 

c 

Anui<K>-. 

0 

ALPON 

B 

AN^A 

a 

ASOTIN 

c 

BALDOCM 

fi/C 

ACWSTIS 

K 

ALPCMA 

fi 

APACHE 

0 

ASPEN 

B 

BALCklN 

D 

AHAIONf 

0 

ALPS 


APAKUIE 

A 

ASPLMHl NT 

fi 

BALOY 

fi 

AhL 

C 

ALSEA 

fi 

APIShAPA 

C 

ASS iNNiPriNE 

e 

BALE 

c 

AHLSU-IIM 

C 

ALSTAD 

E 

APISCN 

e 

ASSUMPI ICN 

B 

BALLARD 

fi 

ahmeek 

B 

ALSTCWN 

r 

APPIAK 

0 

ASTATULA 

A 

BALLINGER 

c 

AHUIT 

n 

altamont 

c 

APPiiCATt 

c 

A5TCH 

A/0 

BALM 

B/C 

AHTANU«« 

t 

AL3AVISTA 

c 

ApHti ICN 

c 

ASM.NIA 

B 

BALMAN 

a/C 

AHyAlr**-!: 

c 

ALirORF 

r 

APPLINC 

a 

ataslaulko 

C 

BALCN 

B 

A|t,UY ) fi) 

c 

An«AR 

a 

APMCN 

a 

ATCr 

8. 

BALTIC 

0 

AIKFN 

b 

ALIC 

c 

API 

c 

A 1 1 F 1 C 

C 

BALIINCRE 

e 

AIKMAW 

0 

AiinoA 

c 

APTAKISIC 

b 

AIHrLWLLD 

b 

bamber 

fi 

AILfY 

n 

ALTuV 

r. 

AtAQY 


AlHtNA 

B 

bAMNCRIM 

fi 

a|na/:ea 

6 

AL^US , 

U 


6 

ATHENS 

B 

UANCAS 

a 

AlKf^ttYl 

C 

AtTVAh 

t' 

A*^AFIfcN 

C 

AIHtPTLN 

e/C 

UANCRliFT 

e 

AfK.USA 

a 

ALVIN 

fi 

AKAVf: 

0 

aThU 

t 

BANDERA 

6 

A|:«p. n 

0 

ALVMA 

C 

AKAVMCN 

e 

AfiClKSfN 

b 

BANCO 

c 

AITS 

A 

ALVISC 

0 

AkMLA 

L 

ATIAS 

0 

BANOUB 

a 
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Table in 

Runoff Curve Numbers for Land Cover Delineations 
Definable from Lands at. 


Land Use Description 

fi/drologic 
A B 

Soil 

C 

Group 

D 

Forest Land 

25 

55 

70 

77 

Grassed Open Space 

36 

60 

73 

78 

Highly Imperviousness (Commercial, 
Industrial, Large Parking Lot)* 

90 

93 

94 

95 

Residential 

60 

74 

83 

87 

Bare Ground 

72 

82 

88 

90 


^Probably sufficient to use CN = 93 for all soils 
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Table IV 

Equations Used with SCS Model 
(Table 21. 11 of NIK-4) 



Equation 


No. 

Tp = 

0.7 Te 


21.4 

Rev. : 

n _ To 

rev. 

21.5 

^p = 

484 A 
Rev. Tp 


21.6 

t 

(t/Tp) (Rev. 

. Tp) . 

21.7 

q 

(qc/qp) Oqp 


21.8 


where A = drainage area in square miles 

q = hydrograph rate in cfs 
qc = hydrograph rate in cfs when Q = 1 inch 
Ip = hydrograph peak rate in cfs when Q -• 1 inch 
Q = design storm runoff in inches 
Rev. Tp = revised time to peak in hoiu’s 
t = time in hours at wliich hydrograph rate is computed 
Tc = time of concentration in hours 
Tq = duration of excess rainfall in hours 
(To/Tp)j;ev. - revised ratio from table 21.16 
Tp = time to peak in hours -for CTU design liydrographs 


Table V 

Computation of Average Slope 
(Step 10b. of Page 19) 


Soil 

Slope 

Extent 

Weight 

Soil 

Slope 

Extent 

Weight 

Chester 



Manor 



l.S 

.2 

.3 

5.5 

4.2 

23.1 

1.5 

.1 

.2 

11.5 

5.1 

58.7 

5.5 

3.2 

16.6 

20. 

3.1 

62.0 

5,5 

.3 

1.7 

35. 

.7 

24 .5 

11.5 

.1 

1.2 

5.5 

7.0 

38.5 

11.5 

.1 

1.2 

11.5 

11. 

126.5 

Glenlg 



20. 

5.3 

106. 

5.5 

2.0 

11.0 

35. 

1.0 

35. 

11.5 

•5. 

5.8 

11.5 

.2 

2.3 

20. 

.1 

2. 

20. 

.1 

2.0 

5.5 

.1 

.6 

35 . 

.2 

7. 

11.5 

.1 

1,2 

55. 

.2 

11. 

1.5 

.1 

.2 




5.5 

14. 6 

80.3 

2 

63.1 

658.8 

11.5 

2.9 

33.4 . 




20. 

.5 

10. 

Ave . 

Slope =10 

. 4% 

35. 

.1 

3.5 





Table VI 

Dimensionless Hydrograpb from NEH-4 
(Part of Table 21. 17 of NEH-4(2)) 
Hydrograph Family 3 


To/Tp . 1 TjTp =1.5 TjTp = 2 


Line 

No. 

VTp 

0 

— 

Qt/Q 


Tc/qp 

Qt/Q 

t/Tp 

Tc/qp 

Qt/Q 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

.26 

.048 

.005 

.29 

.028 

.003 

.30 

.012 

.001 

3 

.52 

.219 

.030 

.58 

.190 

.01 < 

.60 

.123 

.016 

k 

.78 

.521 

.101 

.87 

.450 

.094 

.90 

.343 

.068 

5 

1.04 

.762 

.224 

1.16 

.656 

• .212 

1.20 

.570 

.169 

6 

1.30 

.844 

.378 

1.45 

.734 

.360 

1.50 

.657 

.304 

7 

1.56 

.778 

.533 

1.74 

.685 

.511 

1.80 

.630 

.447 

8 

1.82 

.621 

.668 

2.03 

.585 

.646 

2.10 

.562 

•578 

9 

2.08 

.441 

.769 

2.32 

.445 

.756 

2.40 

.484 

.694 

10 

2.3k 

.305 

.841 

2.61 

.550 

.841 

2.70 

*379 

.789 

n 

2.60 

.2lii 

.891 

2.90 

.199 

.899 

3.00 

.267 

.861 

12 

2.86 

.149 

.925 

3.19 

.132 

.934 

3.30 

.177 

.910 

13 

3.12 

.103 

.949 

3.48 

.089 

.958 

3.60 

.116 

.942 

14 

3.38 

.070 

.966 

3.77 

.057 

.973 

3.90 

.076 

.964 

15 

3.64 

.048 

.977 

4.06 

.038 

.983 

4.20 

.050 

• 977 

l6 

3.90 

.034 

,985 

4.35 

.025 

.990 

4.50 

.033 

.987^ 

17 

4.16 

.024 

.991 

4.64 

.015 

.994 

4.80 

.020 

.992 

18 

4.42 

.016 

.995 

4.95 

.008 

.997 

5.10 

.011 

.996 

19 

4.68 

.010 

.997 

5.22 

.005 

.998 

5.40 

.006 

.998 

20 

4.94 

.006 

.999 

5.51 

.003 

.999 

5.70 

.004 

.999 

21 

5.20 

.003 

1.000 

5.80 

.002 

1.000 

6.00 

.002 

1 .000 

22 

5.46 

.001 

1.000 

6.09 

.001 

1.000 

6.30 

.001 

1.000 

23 

5.72 

0 

1.000 

6.38 

0 

1.000 

6 .60 

0 

1.000 
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Table VII 

Hydrograph Tabulation for I.andsat Experiment 


SCSENG-311 
R«v. I-/0 

rilt Cod* ENG-1)-I4 
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Table Vm 

Land Uses from High Altitude Photography 


Land Use 

Interpreter 1 

Interpreter 2 

Average 

Cultivated 

14.1% 

16. 

15.3% 

Open Space 

28. 1% 

20. 8% 

24.4% 

Forest 

22.7% 

27.6% 

25.2% 

Residential 

24. 9% 

26.5% 

25.7% 

Multi-Family 

1. 8% 

1.8% 

1.8% 

Parking Lot 

.4% 

.6% 

.5% 

IND-COMM 

3.0% 

2.4% 

2.7% 

Bare Soil 

5.0% 

3.9% 

4.5% 
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Table EX 

Lot Sizes in Residential Areas 


Lot Size 

Total^Resi3ential Areas 

1/4 Acre 

0.7% 

1/3 Acre 

16.2% 

1/2 Acre 

41.8% 

1 Acre 

41.3% 


Table X 

Computation of Average Slope 


SLOPE RANGE 

AVG. 5 

% o£ the Watershed 

0-2.5% 

1.25% 

9.5 

2.5-5% 

3.75% 

3.8 

5-10% 

7.5% 

60.9 

10-15% 

12.5% 

21.9 

15-25% 

20% 

3.7 

35-45% 

40% 

0 


.095(1.25) + .038(3.75) + .609(7.5) + .219(12.5) + 
.037(20) + .002(30)= 8.37 =8.4% 
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Table XI 

Hydrograph Tabulation for High Altitude Experiment 


scttMo-m 

Rt». l-ft 

Flit C*«* f NO-U-14 
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Table XH 

Flow Characteristics at Randolph Road 



Elevation 

Flow 

Area (ft^) 

Discharge 

(cfs) 

Bottom 

242.8 

0 

0 

Bank fall 

248.5 

323.8 

1139.1 

1 

249.4 

496.2 

1320.2 

2 

258.6 

829.2 

2177.2 

3 

251.4 

1107.04 

2941.6 

4 

252.5 

1495.6 

4169.2 

5 

253. 3 

1826.8 

5327.3 

6 

254.2 

2194.6 

6716.9 

7 

257.1 

3425-8 

12,090.6 


Table XIII 

Discharges and River Stages Computed with SCS Models 
Randolph Road Gaging Station on Northwest Branch of Anacostia River 


Return 

Period Precip. Discharge (cfs) Depth of Flow (ft) 

(yrs) (in) TR-20 LANDSAT U-2 TR-20 LANDSAT U-2 


2 

3.0 

2990 

3490 

3850 

8.9 

9.3 

9.6 

5 

3.3 

4610 

5140 

6064 

10.0 

10.4 

10.9 

10 

5.4 

6210 

6900 

7580 

10.9 

11.3 

11.7 

25 

5.8 

7390 

8759 

9300 

11.7 

12.3 

12.7 

oO 

6.7 

9020 

9900 

10400 

12.5 

13.0 

13.3 

100 

7.3 

10,780 

11,100 

11,806 

13.5 

13.6 

14.1 


Table XIV 

Flood Frequency Series for Upper Anacostia Based on Long Term 
Streamflow Records 1923-1970 (USGS) 

Return Period 2 5 10 25 50 100 

Discharge (efs) 1200 1980 2680 3800 4860 6130 
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Table XV 

Confusion Matrix for L^d Use Interpretation 
Form U-2 Photo on the Upper Anacostia 


Land Use 

Interpretor 1 

Cultivated 

Open Space 

Forested 

Residential Single 

Residential Multiple 

Parking Lots 

Industry /Commerc e 

Bare Soil , 

Total Cells 

Percent of Total 

^ 


Cultivated 

223.0 

143. 0 

14.0 

20.0 

0.0 

0.0 

4.0 

41.0 

445.0 

16.4 


Open Space 

105.0 

382.0 

21.0 

34.0 

3.0 

2.0 

6.0 

10.0 

563.0 

20.8 


■ 

Forested 

14.0 

133.0 

541. 0 

46.0 

2.0 

0.0 

5.0 

6.0 

747.0 

27.6 

(M 

u 

Residential Single 

16.0 

84.0 

32 . 0 

548. 0 

0.0 

0.0 

30.0 

6.0 

716. 0 

26.5 

o 

0) 

Residential Multiple 

0.0 

1.0 

0.0 

5.0 

40.0 

0.0 

4.0 

0.0 

50.0 

1.8 

& 

<u 

Parking Lots 

0.0 

3.0 

2.0 

2.0 

0.0 

6.0 

3.0 

0.0 

16.0 

0.6 

'S 

hH 

Industry /Commerce 

1.0 

7.0 

2.0 

17.0 

3.0 

4.0 

29.0 

1.0 

64.0 

2.4 


Bare Soil 

22.0 

7.0 

2.0 

3.0 

0.0 

0.0 

0.0 

72.0 

106.0 

3.9 


Total Cells 

381.0 

760.0 

614. 0 

675.0 

48.0 

12.0 

81.0 

136.0 

2707.0 



Percent of Total 
1 

14.1 

28.1 

22.7 

24.9 

1.8 

0.4 

3.0 

5.0 










